In this article, unconventional kinematics of turning is examined with the aim on influence of cutting parameters on surface layers residual stress. The auto-rotary cutting tool prototype for turning was developed, designed and constructed at the University of Zilina. The tool is made of high speed steel. Residual stress examination of material 100Cr6 was performed by non-destructive measuring method of X-ray diffraction. This method is able to determine normal and shear stress conditions without damaging the examined sample.
INTRODUCTION
Residual stresses are an integral part of manufactured workpieces, whether they are introduced deliberately, as a part of the design, as a by-product of a process carried out during the manufacturing process, or are present as the product of the component's service history. Residual stresses are additive with the stresses existing in the workpieces as a result of service loads. [1, 2, 3] Direction of residual stress (tension or compression) depends on the kind of deformation. Permanent residual stresses have the largest share on the functionality of part, and they cannot be detected by conventional methods. [4] X-ray diffraction is specific method that can measure residual stress quantitatively in crystalline and semi-crystalline materials, which include virtually all metals and their alloys, and most ceramic materials. It is a non-destructive detection technology in many applications. [5] This article aims to determine the optimal conditions settings of unconventional tool in terms of stress load of steel 100Cr6 designed specifically for bearing production.
BASICS OF THE MACHINING WITH THE AUTORO-TATING TOOL
Turning with autorotating tool can be applied in two configurations (Fig. 1) . In the first case, the tool is placed under the negative slope angle -λs. The working area of the cutting edge is below the axis of the tool. Thus all working angles along the front of this area are negative. The configuration is suitable for machining of high strength steel, cast iron etc., therefore materials that require negative slope angle cutting edge. Right in the tool axis is the rake angle equal to zero (assuming a planar face). The actual cutting speed can be considered as relative velocity vc, which is determined as vector difference of peripheral work speed of the work piece and tool speed. Another aspect in favor of high tool life is short contact of the specific cutting edge point with the work piece. In addition, the tool edge outside the machining area is cooled by the surrounding air, so there is not intense heat. [6] The opposite tool configuration, inclined at positive slope angle, leads to the formation of positive working angles of cutting face. It can be applied in machining of light metal, plastic, wood, etc. The tool rotates in the opposite direction, what corresponds to a different orientation and size of the cutting speed vector vc. [6] The insert is located on the conic pin with helix groove in the circumference. Pin is placed in cone brass capsule and is supported with bullet, axially adjustable to define the bearing gap. 
MEASUREMENT OF MACROSCOPIC STRESSES
The stress of the sample is clearly linked to the deformation of individual areas of the sample. According to the Bragg equation is the position of the diffraction peaks given by the value of interplanar distance dhkl between the lattice planes (hkl).
The determination of macroscopic stresses by Xray diffraction -X-ray of the strain gauge -is based on the fact that during the deformation of the lattice due to application of mechanical stress there is also a change of hkl spacing. Polycrystalline materials contain a large number of different oriented crystallites. In the macroscopic stress it can be assumed that the crystals in the same area are exposed to the same deformation, and thus the change of spacing d-hkl of the selected plane (hkl) will depend only on the orientation of the crystallites to main axes of tension and deformation tensors, respectively to the coordinate axes associated with the sample. Systematic scanning of a suitable diffraction (hkl) from variously turned crystallites can be used to determine the strain tensor and consequently the stress tensor field of the samples analyses. The basic method of the X-ray strain gauges is the so called sin2ψ method. It uses the fact that the relative change of interplanar spacing is a linear function sin2ψ where ψ is the angle between the diffracting planes normal and the normal of the sample. Factor in sin2ψ contains planar components of the stress tensor. [8] For the analysis of highly perfect single -crystal thin films the angular resolution of conventional diffractometers is not sufficient. The divergent bundle containing doublet Kα does not distinguish fine details of the diffraction pattern, therefore, in the primary, possibly also in the diffracted beam are included other optical elements -monochromators. This creates biaxial or three-axis diffractometers with high resolution. Bartel´smonochromator in the primary beam removes Kα2 component of the characteristic spectrum and reduces the divergence to the level of a few thousandths of a degree. Monochromator in the diffracted beam -analyzer -allows detecting the subtle changes in the direction of the diffracted beam that are caused by imperfections in the structure of the layer. [8] In assessing the impact of technological processes on the properties of the surface layer of the workpiece in its manufacture can be based on the type and intensity of energy to be involved in its implementation. That means mechanical energy, thermal and chemical. I tis necessary to take into account the influence of metallurgy, physical properties and material properties. [9] When machining is the essence of formation of residual stresses in the flexible plastic deformation in chip formation. An important factor is the time of exposure at cutting conditions and the speed of the changes in the occurring conditions. It is significant for example at sharpening where the heating is very quick and short-term, the rate of heating and cooling time takes place under extreme conditions. [10] In terms of conventional control methods the surface can appear the same when measured hardness, roughness and dimensional deviation, while the surface layer may have different residual stress regarding to its orientation and size.
[11]
EXPERIMENT
Experiment was performed on steel 100Cr6, which is a typical bearing steel. Chemical composition is shown in table 1. Experiments were performed on a turning machine SUI 40 with using a rotating tool made of high speed cutting steel. This experiment was tasked to clarify the effect of depth of cut, feed rate and slope angle of the tool on the introduced stresses to the material by using of unconventional scheme of turning.
Measurement of residual stresses was realized on the X-ray diffractometer from the company PROTO (Fig.  3) . It was used analytical software WINXRD 2.0.
Figure 3. X-ray diffraction residual stress measurement system (stationary)
Sample material 100Cr6 is a pearlitic-ferritic structure -eutectoid metastable system. It has lamellar character. With increasing of cooling rate the lamellae become finer. By annealing is possible to create a globular form. Hardness of about 190HB, strenghtRmcca 700 MPa.
RESULTS OF THE EXPERIMENT
Residual stresses in the work piece after machining by non-conventional machining method is shown in the table 2-3 and the graphic description of the stress progress is shown in the figures 4-5. Table 2 The average value of stress in ap = 0,5mm Due that machining brings stress to machined material, both normal stress and shear stress, it is necessary to be able to measure its value and orientation. X-ray diffractometry offers the opportunity to determine these properties of machined, or differently technologically treated material to predict deterioration of components. This measuring technology is non-destructive, so it can be used in wide area of applications.
The results show that the size of this stress range from +118MPa to 945 MPa, depending on the cutting conditions. That means that cutting conditions have a significant impact on the size of this stresses introduced into the material. Therefore, the detection of these stress conditions has wide application in the future and offers a wide scope for further technological research how to improve the cutting process, so the stresses that have been introduced into the material would be the smallest.
With the increasing depth of cut should should be reduced the angle of the cutting edge. The optimal slope angle is λs 30-60°. To accurately determine the optimal slope angle λs in terms of the stress and the depth of cut is needed to do even more experiments which would clarify this issue more.
